Among the environmental stresses, drought is considered the main source of maize grain yield instability in tropical areas. Anthesis-silking interval (ASI) is used as an efficient phenotypic index for water stress tolerance and has also been used in breeding programs aiming to increase yield stability under water stress. This phenotypic index is also an important tool to be used in cultivar development, in relation to the emergence of silk hairs, since the ASI is totally independent from the differences in genotype cycles. The objective of this study was to evaluate the genetic potential of six maize inbred lines from the Embrapa Maize and Sorghum breeding program, selected for drought tolerance by using grain yield. The F 1 's and reciprocals from a diallel crosses, plus three hybrids checks, were evaluated under two irrigated systems: well-watered conditions during all growth stage and water-stressed conditions where irrigation was suppressed during the flowering period. The means over the checks were 15% and 5% higher than the means of all F 1 's hybrids in the experiments under non-stress and stress conditions, respectively. Under water-stressed conditions, yield means were 45.6% and 40.4% low for the checks and F 1 's, respectively, when compared to well-watered condition. The results for mean grain yield showed a great potential for the genetic material used in the ecological condition studied. Under well-watered conditions, the F1's L1147 x L10.1.1; L6.1.1 x L8.3.1 and L1147 x L13.1.2 and the reciprocal cross L13.1.2 x L1147 presented the highest specific combining ability effect values. For both conditions, general combining ability effects of the inbred line L6.1.1 showed the highest value and the inbred lines L10.1.1 and L1147 the lowest ones. Under water stress, the specific combining ability effects were not significant among F 1 's and reciprocals, indicating similar performances for crossing combinations among the evaluated lines. The grain yield means of the checks were similar to the means of the F 1 's in both environments. Among the hybrid checks, the single cross presented a higher grain yield than the three-way and double-crosses hybrids, in both well-watered and under water-stress conditions.
INTRODUCTION
Genotypic selection for adaptation to differentiated water regimes is an important strategy in a breeding program. Thus, in an abiotic stress condition, drought for example, it is desirable to search for genotype evaluation and selection with better adaptation and tolerance to water constrains, as well as with high and stable productivity.
Among the abiotic stresses, drought is one of the major sources of grain yield instability of maize in tropical regions. DuPlessis and Dijkhuis (1967) , Hall et al. (1982) , Bolaños and Edmeades (1993) , Durães et al. (1993 Durães et al. ( , 1994 Durães et al. ( , 1997 Durães et al. ( , 1999 Durães et al. ( , 2000a Durães et al. ( , 2000b showed that when the drought stress occurs during flowering, the losses in grain yield can be higher than 50%. These losses may be a consequence of the reduction in the
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The stage between the emergence of silk hairs and the anther extrusion with pollen grain release, or days to silking and pollen shed, is known as the anthesissilking interval (ASI). In maize, ASI is considered an efficient phenotypic index to evaluate the tolerance to drought stress, and has been widely used in the breeding programs aiming to increase the stability of grain yield under drought stress conditions Labory et al. 1997) . Low values of ASI are an indication of synchronism in the flowering time, which means an adaptation for better yield under drought condition, as a partial consequence of a high water potential during the flowering time. So, ASI may be a powerful tool to be used on the development of maize cultivars that are more adapted to drought stress, once it is independent on the mature differences between the genotypes (Bolaños and Edmeades 1993) .
The diallel cross methodology gives the opportunity to calculate general and specific combining ability effects (Sprague and Tatum, 1942) . According to Yordanov (1983) , it is applicable in an advanced breeding stage when a small number of selected lines will remain to be tested. The diallel crosses, corresponding to all possible crosses among lines or other broad genetic base materials, have been largely utilized by plant breeders in order to better understand the nature of genes action in the control of traits of agricultural importance, and in the evolution (Kempthorne, 1961) . Also is utilized by breeders in decisions related to the selection of characteristics of promising materials (Gardner and Eberhart, 1966) , and in the comparison of relative magnitudes to the general combining ability of a lines group (Hayes and Johnson, 1939) .
The aim of this study was to evaluate the genetic potential for grain yield of six maize inbred lines derived from a flint variety BR 105 from the Embrapa Maize and Sorghum drought tolerance breeding program, by comparing the F1's and reciprocal effects, produced from a diallel set of crosses under water stress condition. Genetic materials: Since the middle of 1990, maize breeders at the Embrapa Maize and Sorghum Research Center have started a drought tolerance breeding program using adequated source populations like BR 105 as a tropical, early cycle and flint type maize variety. Hundreds of selfed progenies were evaluate each winter for drought tolerance; selection was mainly based on an efficient phenotypic index, the anthesis-silking interval (ASI), for water stress tolerance. After several cycles of inbreeding selections and evaluations using the ASI parameter, two groups of lines were selected with no tolerance and tolerance to water stress conditions. For this study, six maize inbred lines were chosen to represent a group of tolerant and non-tolerant lines to drought stress (Durães et al., 1999 (Durães et al., , 2000a (Durães et al., , 2000b . Fifteen single-cross hybrids and the reciprocals produced from a diallel set of crosses among these six inbreds, and three commercial hybrids, were used in this study (Table 1) . Analysis for genotype performance was done using a water stress index based on yield under drought condition to identify the most tolerant progenies to the moisture stress imposed in the experiments. The water stress index (WSI) was calculated by the equation: productions considered all genotypes in well-watered and water-stress environments, respectively. Thus, the best genotype would be the one with productivity above the general mean in stress condition and with WSI value less than one (WSI<1.0).
MATERIAL AND METHODS
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Experimental design:
Two experiments were performed simultaneously in the field where the treatments were arranged in a complete randomized block design with two replications, and plots consisted of four rows ) were applied (Embrapa, 1987) . The two sets of experiments were differentiated by the irrigation system, where in one experiment the water was supplied during the whole culture cycle (I) and in the other the water was suppressed 10 days before and after the flowering time (II).
Biomass and grain yield:
The vegetative and grain filling periods of each plot were evaluated before and after-anthesis stages, respectively (data not shown for flowering and other morphological and physiological evaluations). Grain yield data for all hybrids were collected from the subplots (each measuring 5.4 m 2 ) and the grain moisture was corrected for 13%.
Statistical analysis:
General and Specific combining ability effects for grain yield were estimated using Method 3, Model I, of Griffing (1956a Griffing ( , 1956b , with the inbred lines treated as fixed effects. The data for the three check hybrids were computed separately from the diallel analysis. The Genes software (Cruz, 1997) was used to obtain the estimates.
RESULTS AND DISCUSSION
Mean grain yield (kg ha -1 ) for the F 1's and the hybrid checks evaluated in two environments with and without water stress are shown in Table 2 . The coefficient of variation found for the experiment without stress was low, and the water-stressed coefficient was acceptable for grain yield. The mean of the check hybrids was high (12.5%) compared to the mean yield of the F1's. This can be explained by the low heterosis among the tolerant and non-tolerant lines compared with the superior yielding materials used as checks. However, some of the single crosses were as productive as the check hybrids in the stress environment, which indicates the good potential of the selected lines for hybrid development. The best yielding cross in the stress environment was between a low ASI L6.1.1 with a high ASI L1170 line. Therefore, the F 1 L8.1.1 x L6.1.1. presented homeostasis effects with high yields in both environments. In the non-stress environment, the F1's hybrids presented grain yield means ranging from 5105 kg ha -1 (L6 x L4) to 3109 kg ha -1 (L3 x L5). Among the check hybrids, the mean varied from 5296 kg ha -1 (HS 93H) to 4147 kg ha -1 (BRS 2114). In the stress environment, mean grain yield among the F1´s hybrids vary from 3459 kg/ha (L1xL4) to 1487 kg/ ha (L2xL1), and from 2899 kg/ha (HS 93H) to 2004 kg/ha (BRS 3060) for the check hybrids.
Variance analyses related to grain yield for the two experiments using different irrigation systems (with and without water suppression during flowering ) are presented in Table 2 . In the experiment carried out with sprinkler irrigation, the partitioning of the F1 hybrid mean squares showed highly significant effects (P < 0.01) for the general (GCA) and specific (SCA) combining ability. The significance of GCA means that at least one of the lines is different in relation to (Vencovsky and Barriga, 1992 ). Significant differences among hybrids were detected, but not for the reciprocals (no maternal effect). Among the check hybrids, the interaction checks x F 1 's (P < 0.01) and for the check hybrids (P< 0.05) were detected, but not for the reciprocals (no maternal effect). The significance of the mean squares associated to the effects of hybrids and SCA evidenced that the lines did not constitute a homogeneous group and that there is a manifestation of heterosis The environment index, or water stress index (WSI) is show in Figure 1 . According to the yield under water stress and the environment index the crosses can be located into four groups. As shown in this figure, the third quadrant, characterized by highs WSI value and yield, was composed of 5 F1's and 1 check, and were classified as high yieldings and responsive to drought.
Experiment 1 -With full irrigation during all cycle of the plant
The inbred L6.1.1 had a high GCA effect (602.8), while the inbreds L10.1.1 (-457.26) and L1147 (-228.10) had negative GCA effects (Table 3) .
Thus, line L 6.1.1 selected for low ASI, an indication for tolerance to drought, was found to contribute to the increase in the production of grain yield in its crosses. On the other hand, line L1147, with a high ASI -an indication for non-tolerance to droughtcontributed to the reduction in grain yield in its hybrids. The best hybrids combinations with high SCA effects were L1147 x L10. (Cruz and Regazzi, 1994) . Thus, for this study the F 1's L 6.1.1 x L 8.3.1, L 6.1.1 x L 10.1.1 and L 1147 x L 13.1.2 would be the most favorable crosses.
Experiment 2 -With water stress during flowering time
With drought stress during the flowering time, the statistic analysis (Table 2 ) showed significant effects (P< 0.01) for treatments, hybrids, and check hybrids (P< 0.05). However, there were no significant difference among the reciprocals, meaning a non maternal effect for this set of lines use in this study. GCA effects showed to be highly significant (P< 0.01), while SCA effects were not significant, indicating a similar performance to lines in hybrid combinations. In this water stress environment, these lines did not present a high degree of complementation among them in relation to allele frequency in the locus with some degree of dominance. (Vencovsky and Barriga, 1994) . Crop Breeding and Applied Biotechnology, v. 2, n. 2, p. 291-298, 2002 Estimates of the GCA effects for grain yield are presented in Table 4 . Inbred line L6.1.1 had a high GCA (551.5) effect, while lines L10.1.1 (-381.75) and L1147 (-293.43 ) presented the lowest and more negative values, contributing to the increase and reduction, respectively, in the yield of its hybrids. As the calculated mean square for SCA was not significant, there is no need to discuss the estimated parameters for specific combining ability effects for the lines.
Experiments 1 and 2:
GCA effects differed according to the stress and nonstress conditions. Inbred line L1 had high GCA effects in a water stress environment, but not (negative GCA value) in a non-stress environment. Therefore, inbred L4 had high GCA effects while inbreds L2 and L5 had low GCA effects at both environments.
SCA effects also differed according to the stress and non-stress environments. The hybrid combination L3 x L5 had a high SCA effect in a stress environment but not (negative SCA value) in a non-stress environment. However, the cross L1 x L2 had low and negative SCA effects at both environments.
For the three check hybrids the double cross hybrid (BRS 2114) presented less drought effect on yield than the three-way cross (BRS 3060) when grown at the two environments.
Yield trait on maize related to water stress is under genetic control and these inbred lines differ in this trait.
The magnitude of the GCA mean squares were much larger than the SCA effects, indicating that additive effects were more important than dominance effects.
For grain yield the means over all checks were 83% and 63% higher than the means of the F 1 's hybrids in the experiments under well watered and with water stressed conditions, respectively. The yield means with water stress were 45.6% and 40.4% reduced for the checks and for the F 1 's, respectively, when compared to non-water stress.
CONCLUSIONS
Some of the single crosses were as productive as the check hybrids in the stress environment indicating the high potential of the selected lines for hybrid development.
The CGA effects were more important than SCA effects for this set of lines.
The highest GCA estimates effects were related to line L6.1.1, while lines L1147 and L10.1.1 had low GCA effects for grain yield in both experiments.
SCA mean square showed no significance for the hybrids in the experiment with stress.
Hybrids L1147 x L10.1.1 and L1147 x L13.1.2 presented the highest SCA effects in the non-stress environment.
The check grain yield means were greater than the means of the hybrids in both environments. 
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